. Being declared as a game sanctuary, in January 1968 vide section 18 of Wild Animals and Wild Birds Protection Act 1965, Bondla boasts of a Mini Zoo, Deer Safari Park, Formal Gardens, Botanical Garden with a nursery and a few interesting icons which have been salvaged during excavations elsewhere in the state. Around 1.19km 2 of this sanctuary is set aside for the use of visitors. The vegetation of this sanctuary is predominantly mixed deciduous with intermittent patches of bamboo undergrowth. The flowing streams within the sanctuary create riparian patches.
Though great varieties of butterflies, moths and skippers are seen in this place supported by their food and host plants, there has been a complete dearth of authentic information on the lepidopteran fauna of Bondla Wildlife Sanctuary of Goa. The work presented here is based on the presumption that preparation of a checklist of butterflies, the most impressive element of insect diversity could bring about a lot of value addition to the potential of this sanctuary as an eco-tourism destination. Apart from check listing of butterfly species, an attempt has also been made to highlight their flight periods, seasonality and relative abundance in the different habitats of this sanctuary. The present study is undoubtedly the first comprehensive effort to investigate the lepidopteran diversity of the state of Goa in general and the area under investigation, the Bondla Wildlife Sanctuary in particular.
METHODOLOGY
The findings presented here are based on the field investigation carried out from July 2001 to June 2002. The fieldwork commenced only after obtaining permission from the office of the Director of Wildlife and Eco-tourism, Govt. of Goa vide letter No: 1-238-92-WLD-1270, under the UGC sponsored research program. The entire field protocol has been designed in compliance with the terms and conditions of the Wild Life (Protection) Act and its amendments.
To understand the diversity, abundance and habitat association of butterflies in this sanctuary, transects were laid in the three habitat types: Forests, Orchards and Gardens. Transects in each of the representative habitat were surveyed on foot every one day every week between 0900hr to 1700hr for a period of 46 weeks. Collection details and observations were recorded for subsequent computation and analysis. As a conservation policy, over collection was avoided and in fact, some rare specimen were collected only if doubts persisted in their specific identity.
The year was divided into three seasons viz. monsoons (June- September), Post-monsoons (October-January) and Premonsoons (February-May) , based on general observations on the climate. The relative abundance of butterfly species was determined adopting modification of the scheme proposed by Rajsekhar (1995) . The butterflies were classified based on number of sightings in a single day of observation as follows: Abundant (>30%), Very Common (10-30%), Frequent (5-10%), Occasional (1-5%) and Rare (<1%). The identification of butterfly species was based on standard keys provided by Wynter-Blyth (1957) , Haribal (1992) , and Kunte (2000) . Collected specimens were subjected to detailed scrutiny through a comparative study with the reference material at the Bombay Natural History Society, Mumbai. The data has been compiled to determine seasonal variations in butterfly species diversity of this sanctuary.
RESULTS AND DISCUSSION
In all 91 species belonging to 66 genera representing 12 sub families and five families were recorded over a period of one year covering all seasons from July 2001 to June 2002. Of the total butterfly species listed in this sanctuary, 71 species were habitat generalists, whereas 20 species were habitat specialists, 13 figure in the scheduled categories of the Wildlife Protection Act, and eight are endemic (Table 1) . Nymphalidae dominated the list with 40 species followed by Lycaenidae (19 species), Papilionidae (14), Pieridae (12) and Hesperiidae (6), respectively. Similar hierarchy pattern have also been reported from Parambikulam Wildlife Sanctuary by Sudheendrakumar et al. (2000) .
It is apparent from the analysis of weekly records that the relative abundance of butterflies is species specific and under a distinct influence of seasons (Table 2   w ). Further, the population dynamics of individual species vary in relation to habitat. Majority of papilionids and some members of Pieridae and Nymphalidae exhibit perennial occurrence; though varying in relative abundance. Seasonal variations in the relative abundance of species are more pronounced among lycaenids, hesperiids and some members of nymphalids. Among papilionids, Spot Swordtail and the jays show a smooth and predictable transition of relative abundance between rare and very common, reaching a peak in the summer months. The redbodied swallowtails have their flight period peak during the cooler months; and as far as the Common Mime is concerned, such a peak even gets extended into the early summer. The Blue Mormon is very common at least for a month during the transition between monsoons and post-monsoons. Red Helen has its flight period during the late monsoons and early winter. Species such as the Common Wanderer appear from mid monsoons and continue till the end of season.
As far as pierids are concerned, the yellows have very emphatic peaks of abundance lasting for as many as five months at a stretch as seen in case of Common Emigrant and the Small Grass Yellow during early winter. The Common Grass Yellow is abundant all through the monsoons, its relative abundance changing to very common throughout the winter until the advent of summer.
The lycaenids are characterized by fairly discontinuous flight periods and seasonality. Some forms such as Angled Sunbeam, Monkey Puzzle, and Fluffy Tit though rare, occur in more than one season. Among the nymphalids, the browns and the rings have a greater relative abundance in the monsoons, steadily showing a decline throughout the cooler months until they become rare or absent in the dry summer months. The pansies are at their peak of abundance following rains. Among the pansies, the Soldier is predominant, maintaining a large population from the mid monsoons until the commencement of summer. On a scale of relative abundance, the Grey Pansy ranks next followed by the Peacock and Lemon Pansy, in order of declining abundance. The Blue and the Yellow pansies are rare, yet occur in the monsoons and post monsoons. Egg flies show peaks of abundance during the late winter months of December and January.
The Blue Oak Leaf is seasonal, confined to the monsoons. Among the sailors, the Common Sailor has flight period from mid August to early January with a peak in September whereas the Chestnut Streak variety is more restricted for its flight period during monsoons. The Colour Sergeant has a very sporadic occurrence. The Commander and the Grey Count show peaks of activity during the post-monsoons. The Common Baron occurs throughout the year, but shows a peak in the cooler months. Clipper shows peak activity during post-monsoons between October and December. Of the two Heliconiinae species, namely, Cruiser and Tamil Lacewing, the former is seen throughout the year with disjunctive occurrence whereas the latter is more active with the commencement of rains; with its population showing decline with the advent of post-monsoons. Tawny Coster, the only representative of Acraeinae appears in the monsoons, with a build up of its population in the post monsoon season. Among the danaiids, the Common Indian Crow is present round the year with distinct peaks in between late monsoon and early winter and on the eve of southwest monsoons.
Among the tigers, the Plain Tiger occupies the apex of the hierarchy of abundance followed by the Glassy, Striped and the Blue Tiger. The tigers normally reach the peak of their flight period in the post-monsoon months, whereas their population becomes scarce with the approach of summer. Malabar Tree Nymph, an endemic species of this region shows greater activity during the monsoons and post-monsoons, being absent in this range during the hotter months.
Thus, it is apparent that there are familial and specific variations in flight periods and seasonality. Such variations can be attributed to a synchrony with the phenology of food plants. In case of perennially occurring butterflies, availability of seasonal food plants round the year is implicated. In spite of the seasonal variations in the flight period of different species it is apparent that species diversity is distinctly high in certain seasons. For the area under investigation, the highest weekly averages for the number of species sighted are recorded for seasons extending from October to January (31.68%). The average number of species sighted for monsoon season is next in rank (28.92%), whereas the least average number is recorded for the summer season from February to May (16.06%). Thus, species diversity of post monsoon months is emphatically higher suggesting that the months from October to January are ideal for butterfly sightings in the Bondla Wildlife Sanctuary (Fig. 1) . The seasonal averages of species number for individual families are depicted in Fig 2. Population dynamics of butterfly species as reflected through relative abundance reveal their habitat character and status. These insects select their habitat in relation to their food and host plants. Thus, it becomes imperative to understand the habitat associations for managerial interventions. The butterflies recorded from Bondla Wildlife Sanctuary reflect rich species diversity despite limitations of space. All the major families are represented in the butterfly fauna of this place, indicative of diverse habitats available. The least weekly count was nine species recorded during the first week of April and last week of May; whereas on the higher side, maximum of 46 species was recorded in the last week of October (Table 2 ).
Attributes such as abundance and density that are intrinsic to population of species are influenced by change of seasons. Thus, seasonal variations do occur in population sizes of many species of animal (Davidson & Andrewartha 1948; Young 1982; Begon & Mortimer 1986) . Such dynamic changes in species population that closely follow seasonal variations are actually brought about by changes in photoperiod; which in turn cast an influence on floral phenology, reproductive behaviour and movements (Erlich, 1986) . More often than not, it is a combination of influences rather than a single event that governs the population cycles.
Ideally the value of a tourist brochure of wilderness area would be greatly enhanced if the best season for sighting a particular faunal group were recommended. The application of this knowledge of population fluctuations is seminal to management and conservation of wildlife (May, 1980) . As far as butterflies are concerned being phytophagous insects with fair degree of food and host plant specificity, their species diversity and richness is indicative of floral diversity of the habitat in which they occur. Thus it may be well known that a decline in the diversity of these fascinating insects is suggestive of habitat degradation. Conversely, habitat management is best option for management and conservation of butterfly species (Gilbert & Singer, 1975; New, 1992) . It implies therefore that habitat associations of butterflies have to be investigated. Regrettably much of the contemporary work on butterfly is restricted to simple inventory and checklists (Palot & Soniya, 2001; Palot & Abdurahman, 2003; Raju et al., 2003) .
Interesting inferences can be drawn on habitat preferences recorded in this sanctuary (Table 1) . Of the 91 species recorded here 20 are habitat specialists, among which 16 are forest dwellers and four are garden species. There is no exclusive orchard species. Of the remaining 71 species, 43 species occur in the entire sanctuary. Analysis of the records also reveals that orchards and garden together offer a better combination of habitat requirement, as 60 species are common to these two habitats. On a scale of commonality of species occurrence, 
Weeks of observation Number of species forest-garden combination ranks next with 52 species followed by forest-orchards complex with 48. The progressive diminution in the species number supported by combination of two habitats may be ascribed to a corresponding decline in floral diversity (food plants), due to monoculture-like conditions prevailing in forests and orchards. The higher species richness of butterflies associated with gardens indicates availability of and access to food plants, besides being the most colourful domain in terms of floral diversity. This is further complemented by the lantana hedges here, which support a great diversity of butterflies. Though an exotic invasive species, Lantana camara is an important nectar source for several species of butterflies in degraded as well as urbanized habitat. Such a view has also been expressed by Raju and Reddy (1995) following their observation on the butterflies of Visakhapatnam.
The reasons for fewer habitat specialists can be understood if one takes into account the relatively smaller area of this sanctuary and proximity as well as confluence of discrete habitats.
CONCLUSION
Despite a very small area, this sanctuary is rich in butterfly species, representing all families. Fortunately, the tourist season in this state coincides very well with the best season for butterfly sightings in this sanctuary thereby enhancing its ecotourism potential. Further, a good deal of butterfly fauna of this wilderness area is endemic and has protected status as per the Indian Wildlife (Protection) Act, 1972. The situation reflects on the availability of diverse habitats as well as microclimatic zones. On the other hand the mounting pressures of Ecotourism on this sanctuary need to be carefully monitored. One of the most visited wilderness areas of Goa; recently this sanctuary was put on a fast track of Eco-tourism infrastructure development. Any change in landscape at the cost of wilderness here, shall prove detrimental to the butterfly diversity of this place; as the same would involve changes in land use pattern and loss of vegetation. Given remarkable species richness and endemism of butterfly species, Bondla Wildlife Sanctuary should not allow short term economic gains to prevail over its ecology.
